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(54) Decoding digital PAL video signals 

(57) Apparatus for decoding an orthogonally sampled, digitat PAL video signal comprises a line filter 12, a field filter 
13, and a comparator 18 for measuring the cross-talk between luminance and chrominance components of the 
video signal resulting from movement fn the picture represented by the video signal, and a switch arrangement 22 
for switching botweon vertical filtering, temporal Ulteriing. vertical/temporal filtering and horizontal filtering for 
separation of the chrominance componenlof the video signal from The Juminanqc component thereof in 
dependence on the result of the measurement, so as to reduce cross effects resulting from the cross-talk. 
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SPECIFICATION 

Decoding digital PAL vfcl«o signals 

TTiis invention relates to methods of and 
apparatus for decoding digital PAL s/icfeo signals, 
3 and more particularly to methods of and apparatus : 
for decoding orthogonally sampled, composite 
digital PAL video signals. 

A substantial amount of effort is currently being 
directed towards increased use of component 
10 digital video systems in television studios, because : 
of the operational and quality improvements that 
such formats offer over existing composite video 
systems. 

However, current decoding techniques fall well 

1 5- shortof the rBquiremants of high quality componenti 
video systems^ because they comprise between 
simpnctty, a reduction in cross effects and spatial 
luminance resolution. Where a signal is subjected to 1 
many successive decoding and encoding 

20 operations, there is a noticeabie deterioration in 
picture quality which negates the advantages of 
component processing. The inherent stabilrty of 
digital techniques offers the possibility of an 
improved performance because tt allows accurately ' 

25 defined non-recursive comb filtering to be 
employed in both decoders and encoders. 
Moreover^ tha CCIR 601 standard recommended 
freciuency for luminence sampling an analog PAL 
video signal ts 13^ MHz, which, being a line locked \ 

30 sampling frequency produces orthogonal sampling • 
struaures which aid any filtering process, because iti 
allows the use of line« field and frame-based filter^ngl 
for separation of the luminance (V) and 
chrominance (C) components. Unfortunately in 

35 practice some Input signals are not suitable for such ) 
filtering, in particular where certain spatial 
components, particularly those resulting from 
movement in the picture, lead to the re-introduction 
of cross effects between the luminance and 

40 chromfnancecomponents whan decoding. 

According to the present Invention there is 
provided a method of decoding an orthogonally 
sampled, composite digital PAL video signal, the 
method comprising the steps of: 

45 measuring the cross-talk between luminance and 
chrominance conriponents in said video signal 
resulting from movement in the picture represented' 
by said video signal; and 
switching between vertical filtering, temporal 

SO filtering/ vertical/temporal filtering and horizontal 
filtering for separation of the ch rominance 
component of said video signal from the luminance ■ 
component of sard video signal in dependence on 
theresuKof saidmeasurement,soastoreduce . 
55 cross effects resulting from said cross-talk. 

According to the present invention there is also 
provided apparatus for decoding orthogonally 
sampled, composite digital PAL video signals, the 
apparatus comprisirig: 
QQ meansfor measuring the crods-^talk between 

luminance and chrominance components of said 
vfdeo signal resulting from movament in the picture! 
represented by said video signal; and 
means for switching between vertical filtering. 



65 temporal filtering, verticalrtemporal filtering and 
horizontal filtering for separation of the 
chrominance component of said video signal from 
the luminance component of said video signal in 
70 dependence on the result of said measurement, so 
as to reduce the cross effects resulting from said 
cross-talk. 

The invention will now be described by way of 
example with reference to the accompanying 
75 drawings, throughout which like parts are referred 
to by like references, in which: 

Figure 1 A shows the luminance spectrum of a 
typical interlaced-scanned still picture; 

Figure 1 B shows the spectrum of a U chrominance 
80 component of the picture corresponding to Figure 
1A; 

Figure IC shows the spectrum of a V chrominance 
component of the picture corresponding to figure 
1A; 

85 Figu re 2 shows a two-dimensional spectrum of 

PAL luminance and chrominance component in 

horizontal/vertical directions; 
Figure 3 shovvs luminance/chrominance 

components in vertical/temporal directions; 
90 Figure 4A shows a luminance component line 

spectrum; 

Figure 4B shows a (J chrominance component line 
spectrum; 

Figure 4C shows a V chrominance component line 
95 spectrum; 

Figure 4D shows a comb filtered U chrominance 
component channel; - 

Figure 4E shows a comb filtered V chrominance 
component channel; 
1 00 Rgure 5A shows a sampling structure in space 
with line locked sampling In vertical and horizontal 
directions; 

Figure 5B shows a sampling structure in vertical 
and temporal directions showing the effect of line 
105 interlacing; 

. Rgure SC sh ows the Nyqulst boundaries in 
vertical and horizontal directions corresponding to 
Figure 5 A; 

Figure 5D shows the Nyquist, boundaries In 
110 vertical and temporal directions corresponding to 

Figure 5B; 

Figure 6 shows the central positions of luminance 
and modulated chrominance components 
corresponding to a still picture in a vertical and 
115 temporal spectrum; 

Figure 7 shows in block form a circuit for 
reatnctfng combed response by Inclusion of a t>and- 
□ass filter; 

\/ Rgure 8 shows a sample space array; 
1 20 Figure 9 shows a vertical/temporal characteristic 
for a line based comb filter; 

Figure 10 shows a vertical/tempo rai. characteristic 
for a 625-line comb frher; 

Ffgure 1 1 shows a vertical/temporal characteristic 
125 for a 312-llne comb filter; 

Figure 12 shows a vertical/temporal obaracteristic 
for a 313-iinB comb filter; 

Figure 13 shows the vertical/temporal 
characteristic for a pair of adaption filters; 
1 30 Figure 1 4 shows in block form a circuit for 
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ddaptiVQ selection of decoding of digital PAL video 
signal: 

Figure 1 5 shows tn block form a PAL decoder 
system jncorparating adaptive selection of the 
5 decoding; 

'\r i^ure 1 6 shows a aam pie space array; ' 

Rgure 17 shows The venJcal/ienDporai 
characteristic of a fiefd-based U/v separation fiUer: 
and 

1 0 Rgure 1 8 show3 the v$rb'cal/tem poral 

characteristic of a line-based UA/ separation filter. > 

In order TO understand the present invention, the 
spectral charactarf sties of a PAL composite signal In; 
three-dimensional space will first be discussed, 

1 5 followed by a brief consideration of standard PAL 
decoding techniques. Then PAL decoding using 
digital techniques to which the present inventior^ 
can be applied will be considered. 
A PAL signal occupies a three-dimensional 

20 spectrum having horizontafi vertical and temporal 
components, in which well defined centres of 
spectral energy for the lunatnariceand U and V 
chrominance components can be specified. 
Consider first the effect of line scanning upon a 

25 picture. It can be shown that for an interlaced 
system of scannfngr the translation of spatial 
frequencies in two-dimensional space to an 
equivalent signal frequency is governed bythe 
following equation 



30 



V = fL(m-2n/N) 



(1) 



The base band U chrominance component can be 
65 analysed in exactly the same way, but It is spatially 
shifted due to the double side band suppressed 
carrier modulation which Is used. Thus the 
frequency fsc of the sub-carrier is given by: 



fsc = (284 - i)fL 



(2) 



where m is the number of cycles per picture width 
(cpw), n is the number of cycles per picture height ; 
fcph), N is the total number of scanning lines in the . 
picture, fL isthe line frequency, and v is the 

35 equivalent signal frequency. 

Equation (1 ) does not take any account of 
movement within the picture, which will be referred: 
to below. It can also be shown that both the 
luminance and the chrominance energy are 

40 concentrated on line harmonics with sidebands 
separated from the harmonics at intervals 
corresponding to the field frequency, in particular, iti; 
can be shown statistically that most of the energy 
within g picture occurs at low values of m and n, 

45. indicating that there IS reduce>d energy at and 
around line harmonics asthe spatial frequency 
increases. The scanning action, which will translate . 
spatial to signal frequencies, is in effect sampling 
the picture content vertically, in this case at a rate of . 

50 N samples per picture height Sampling theory 

specifies that for alias free re^)roduction of the base i 
band spectrum, the sampling rate must be a 
mmimum of twice the signal bandwidth. This 
imposes a vertical bandwidth restriction- on the 

55 signal of N/2, that is 312.5 cph for a 625^Iine 
system. 

Figure 1 A shows the luminance spectrum of a 
typical interlaced-scanned still picture, the ordinatesi 
representing relative amplitude of the luminance i 
60 crompohent and the abscissae representing signal 
frequency. Itshoufd be noted that there is no 
confusion between .adjacent line harmonics, this 
being a consequence of N being odd. 



70 Since the-sub-carrier frequency is specified to be 
2d4 times the line frequency minus one-quarter of 
the line frequency (a temporal offset fp being 
ignored) then the U chrominance component will be 
centred on frequencies with the same offset below 
75 multiples of the llnefrequency. This is illustrated In 
Rgure 1 B which shows the spectrum of the U 
chrominance cK)mponent. 

The exact nature of the V chrominance 
component spectrum Is more complex due to the 
BO phase attemation. This phase alternation is line by 
line, so there is a half-line ihfL) offset in the V 
chrominance component. This results in centres of 
chrominance spectra being displaced by Jf L. The 
resulting V chrominance component has centres at 
B5 frequencies one-quarter of the line frequency fL 
above the line harmonics. This is seen in Rgure IC 
which shows the spectrum of the V chrominance 
component. 
The same thing can be illustrated in a rather 
90 different way by deriving the positions of the 

luminance and U and V chrominance components 
end showing them as illustrated in Rgure 2, which is 
a two-dimensional spectrum of the PALluminance 
and modulated chrominance components. In this 
BB figure the ordinates represent cycles per picture 
height and the abscissae represent cycles per 
picture width. This figure illustrates that the sub- 
carrier introduces a spatial offset to the baseband U 
and V components. Moreover, it indicates that 
1 00 filtering in a horizontal direction and filtering in a 
vertical direction can be used for the separation of 
the luminance and chrominance components. 

However, it is additionally necessary to consider 
the effect of movement in the picture. For a picture 
1 05 with no movement, the luminance information is 
fixed on a frame-by-frame basis, and it would not 
therefor© be expected that any temporal luminance 
energy should exist until movement occurs in the 
picture. The situation Is, however, drfferentfor the U 
110 and V chrominance components when the 25 Hz (fp) 
offset introduced into the sub-carrierfrequency Is 
considered. Thus, the exact relationship is: 

. fsc = {284 - I)fL -h fp V (3) 

Using this, it is possible to derive spectral centres 
115 for the U and V chrominance components 

Incorporating temporal offset. This is illustrated in 
Figure 3, which shows the luminance and 
chrominance components in vertical and temporal 
space at a horizontal frequency of approximately 
1 20 284 cpw. In this case the ordinates represent cycles 
per picture height and the abscissae represent 
frequency. By considering the temporal direction, it 
Is again possible to specify a boundary for alias free 
reproductioh. Since a picture can also be considered 
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to be temporatly sampled at the field rate, then this 
boundary as defined by the Nyquist criteria occurs 
at half the field rate, that is to say 25 Hz for a 50 field 
per second PAL signal. 
5 The purpose of any PAL decoding techniciue is to 70 
separate as efficiently as possible, and with the . 
minimum of degradations, the luminance and 
chrominance components of the composite signal. 
Having achieved this, it must then accurately 

1 0 demodulate the chrominance information to the 75 
base U and v locations- Standard decoding 
techniques compromise between simpnclty of 
iummance/chromi nance separation snd^o-called 
cross effects left as a result of Inadequate decoding. . 

15 Simple F^AL docoding ac hie vgs separation of 80 
luminance and chrominance components merely by } 
introducing a notch filter in the luminance channel 
and a band-pass filter in the chrominance channeU 
The notch filter is centred at the sub-carrier 

20 frequency fsc to attenuate the main chrominance 65 
energy. The width of the notch is a compromise 
between loss of high frequency luminance energy, 
this high frequency energy being essential for the 
reproduction of fine detail, and reduction of the sub- '. 

25 carrier component in the luminance channeL The 90 
band-pass filter to separate out the chrominance 
energy cannot distinguish between the 
chrominance and luminance components within its • 
band. Consequentiy cross effects are present In both - 

30 channels. Colour cross-talk in 3 luminance channel . 95 
causes cross luminance effects which show 
themselves as so-called sutKcanier crawl at 
horizontal colour transitions. A potentially more 
disturbing effect is due to luminance components 

35 being demodulated as ooiour (eadtng to cross ; i oo 
colour which shows as shimmering areas of colour ; 
In locations of fine luminance detail. A reduction in 
the visually annoying cross colour can be achieved 
by delay line decoding, which utilises a form of 

40 electrical averaging to achieve UA/ Chrominance ; 1 05 
component separation. The delay line separates the : 
U and V sub-carrier components before they are • ■ 
synchronously demodulated by the reference sub- : 
ca rrlers. This process is based on the assumption 

45 generally true for most picture content that the ^^Q 
same signal is transmitted on successive lines. This- • 
would lead to complete cancellation of the U 
chrominance component in the V channel and vice 
versa. The overall effect of this delay line separation ■ 

50 IS to produce a comb filter characteristic for U and V ' n 5 
which is illustrated in Figures 4Ato In these 
figures, line harmonics are plotted along the 
abscissae. Rgures 4A to 4C show the lines spectra 
for Y, U and V components respectively, and Figures! 

55 4D and 4E show the comb filtered U and V : 120 

chrominance component channels respectively. 

A& mentioned above, recent standardization 
formats use a line locked luminance sampling 
frequency of 13.5 iV5Hz, and the use of -such a 

60 frequency results in orthogondf sampling atructuifes *t2S 
In which all the samples in all the (rnes within afield 
of the picture are disposed onhogonally wrth 
respect to each other. Figure 5A shows the sampling 
structure in vertical and horizontal space with line 

35 looked sampling, and Figure 5B shows the sampling i 1 30 



structure when the temporal effect due to line 
interlace is taken Into account. Ff is the field 
frequency, the field period being 20 mniiseconds for 
a 50 field per second system. 

The sampling structure of Rgure 5A results in a 
rectangular Nyquist boundary as indicated in Figure 
5C. The sampling frequency of 13.5 MHz produces 
864 samples perhonzontaf line so there is a Nyquist 
bandwidth of 432cpw.The rectangular boundary 
for alias free reproduction is bounded vertically at • 
312^ cph as explained above. 

The Myquist boundary In the vertical and temporal 
directions corresponding to Rgure 5B fs shown in 
Figure 50 and Is rhombic In nature, the points of the 
rhombus being at 25 Hz in the temporal direction 
and 31 2.5 cph in the vertical direction. 

i^gura 6 shows the positions of the stationary 
luminance and modulated chrominance 
components vertically and temporally. The spectral 
positions of the components are shown fn relation 
to a horizontal frequency of approximately 284 cpw. 
In other words, the diagram shown in Rgure 6 fs a 
slice through the ihree-dimertsional spectral array at 
a horizontal frequency of approximately 284 cpw. 

A reduction in cross effects can be achieved in 
decoding by employing comb filtering for 
luminance/chrominance component separation, 
based on line delays, (n effect this technique uses 
the vertfcal offsets of the U and V chrominance 
components (see Figure 6) as a basis for a vertical 
filter characteristic Srnce, however, the U and V 
chrommance components occupy a well-defined 
horizontal spectrum, it is not necessary to employ 
vertical filtering over the entire horizontal 
bandwidth, so the vertical comb filtering is 
horizontally bounded by the incorporation of a 
band-pass filter. This is illustrated in the circuit of 
Rgure 7 to which reference ia now made. 

The input signal comprfslng the luminance and 
chrominance components is supplied by way of an 
input 1 to a first path comprising a delay circuit 2 
and an adder 3, and to a second path comprising a 
comb filter 4 end d idand-pass fitter 5* The delay 
introduced by the delay circuit 2 is selected such 
thartthe delay in the two paths is the same. The 
comb filter 4 extracts the chrominance components 
and those chrominance components falling within 
the pass band of the band-pass filter 5 are supplied 
to an output 6. Addrtfonatly, these filtered 
chrominance oomponent^are supplied to the adder 
3 where they are subtracted from the signal 
supplied thereto by the delay circuit 2, so that the 
adders supplies combed luminance components to 
an output?. 

Figure 8 shows a sample space array, the samples 
shown corresponding to five shields of a video 
signal, and in each fiald of a frame the samples are 
arranged orthogonally. A total of nineteen samples 
are shown desigriated A to G, J to N and P to V, and 
these designations will be used belowf or specifying 
filter charactenstica. 

Figure 9 shows the vcrticol/tomporal 
characteristic of a line based vertical/temporal comb 
filter baaed on sample polnta in the array of Rgure 8 
and using K/2— M/2- Thrs shows the filter 
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charactGristic at around the true sub -carrier 
frequencVr the broken^ended ractangiss indicating 
1*09 Ions of chrominance signal rejection. Thus, so 
long asthespectfdi energies of the L) and V 
5 chrominance components are concentrated at the 70 
centres shown there Is good seJectfon by thrs filter 
of the chrominance components. A required fnter 
forthe luminance component is the complement Of 
this, 

10 Thefjltercharacteristicof Rgure 9 based on K/ 75 
Z — M/2 is not truly symmetrical and results in a 
group delay error. An alternative vertical/temporal 
filter which gives a similar characteristic but with no 
group delay problem is based on J/4-f L/2— N/4. 

15 Referring now to Figure ID, this shows the BO 
vertical/tfimporal characteristic for a 625-line comb 
filter based on sample points In the array of Figure 8 
using B/2— U/2. Again, the broken-Kided rectangles 
indicate the regions of chrorninance signal rejecfcion.i 

20 Non-recursive fi Iters based on field and frame 35 
delays can give excellent results for the separation 
of luminance and chrominance components. In 
pardcutar, filters based on frame delays give 
. responses which act in the temporal planq: achieving 

25 perfect separation in the case of pictures Without 90 
movement, where luminance energy is 
concentrated on a straight line par^ilel to the vertical 
axis at 0 Hz and ±25 Hz. Similarly, the <^rominanca 
energy is concentrated on straight lines parallel to 

30 the vertical axis at 6^5 Hz and 18,75 H2 for the V and ; 95 
U colourcomponenls respectively. Although Figure 
10 shows xhe characterisCicforsuch separation 
based on a frame delay (625 line dc3!ay), other such ; 
filters are possible using longer time delays, in 

35 particular a trufy symmetrical filter using a four : 100 
frame delay, but are less suitable for practical use 
because of the very large amount of hardware ' 
necessary forlKe requirod storage. 

Referring to R gu re 1 1 ^ this shows the vertical/ 

40 temporal characteristic for a 312-line comb filter ' 105 
based on sample points in the array of Figure 8 
using — F/44-Ly2— Q/4. The filter corresponding to 
Figure 11 is a compromise which uses a field delay 
and in so doing compromises bertween verticai and ; 

45 temporal resolution in orderto achieve the required ' 110 
good separation. The broken-ended rectangles 
indicate the regions of chrominance rejection. 

Likewiss, Figure 1*2, to which rafarence is now 
made, shows a vertical/temporal charactaristicfor a 

50. 31 s.iine comb filter, based on sample points in the .. 115 
array of Figure 8 and using E/2-'R/2. Again, the " 
brolcen-ended rectangles indicate the regions of 
chrominance rejection. In this case an alternative 
filter which gives a truly linear phase response uses 

55 -A/4+L/2-V/4, ; 120 

It should, however, be noted that separation of the 
luminance and chrominance components using 
vertical ortemporal fitters having characteristics as 
illustrated in Figures 9 to 12 will inevitably result in 

60 problems of luminance and chrominance cross . 125 
effects when there is movement in the picture. This 
is because in that case the distinction between 
luminance and chrominance components in the 
frequancy intorlaaved sp&ctra is r&duced, dueto the 

65 spread of energy from the centres marlcad. This f 1 30 



problem can be alleviated to some extent by 
limitation of the horizontal iumlnanco bandwidth at 
the encoder, but this results in noticeably less sharp 
.pictures. Embodiments of the present invention 
therefore make use ot adaptive decoding whereby 
the modeof luminancs/chrominance separation 
used Is determined in accordance with the content 
of the picture, and in particular whetherthere is 
movement within the picture. 

In Order to decide on the modeof luminance/ 
chrominance separation to be selectsd, the cross- 
tafk has to b© detected, and this is done 1^ means of 
further filters referred referred to herein as adaption 
filters. Rgure 13^ to which reference Is now made, 
shows the verticalAemporal characteristic and in 
particular the axes of the spectral peaks of a . 
diagonal (312 line based) adaption filter based on 
sample points In the array of Rgure 8 and using F/ 
2^Q/2t these axes being indicated by the diagonal 
lines made up of alternating long and short dashes,, 
and of a vertical adaption filter based on sample 
points fn the array of Rgure 8 using J/2 — N/2., these 
axes being indicated by the horizontal broken lines. 
On consideration <pf this characteristic it wju be seen 
that these adaption fitters satisfy the requirement 
that each filter has Its nulls situated at the spectral 
centres of both luminance and chrominance signals 
for cases where there Is no movement in the picture. 
In an at>3oliitely Ideal situation with a picture having 
no movement, therefore, neither of the adaption 
filters wixjid supply a large output However, as 
soon as there Ts movement within the picture, the 
spectral centres of the luminance and chrominance 
signals will begin to spread and both the adaption 
filters will supply outputs, the (evels of these 
outputs depending on the degree of movement end 
hence the degree of Spreading of the luminance and 
chrominance spectral centres. By comparison of the 
outputs of the adaption filters, therefore, the. 
optimum mode of luminance/chrominance 
separation can be selected. 

It would be possible to provide a third adapTtion 
filter operating in a purely temporal direction to 
provide a further means of detecting the cross-talk 
between the luminance and chrominance 
components^ but such a filter requires efght field 
stores and in generQi therefore the use of such a 
third adaption filter is not justified because of the 
substantial additional amount of hardware that it 
requires. Nori-nnaily, therefore, only the diagonal 
end vertical adaption Alters referred to above are 
used, 3nd In situations where these twp adaption 
filters give an indeterminate comparison, then ths 
standard PAL decoding mode using horizontal 
fitters is used. Thus It Is to be noted that neither of 
the adaption filters can distinguish whether It Is the 
luminance orthe chrominance component which is 
producing the cross-talk, and in any case in those 
situations where luminance enargy Is present in the 
chrominance frequency band or vice versa, 
complete separation is In any case not possible. 

This will now be described in more detail with 
reference to Figure 14 which shows in block form a 
circuit for adaptively selecting the form of decoding 
to be used for an incoming PAL video signal. 
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The incoming digital video dara, that is to say 
comprising the luminance and chrominance 
components is supplied by way of inputs 10 and n 
to adaption filters 12 and 13 respectiveiy. The 
5 adaption fflter IZ is a verticat line filter based on J/ 
2^t^f2, and the adaption fflter 13 Is a 312-line field 
filtar based on F/2^Q2. 

The adaption filters 12 and 13 enable a measure of; 
the iummance/chrominance cross'talk to be 
1 0 obtaIr>ed as described above. 

The outputs of the filters 12 and 13 ere supplled 
by way of respective band-pass filter^ 14.and 1 5 to 
respective Inputs of a comparator 16. The band-pass I 
Filters 14 and 1 S are provided merely to make f he 
1 S adaption filters 12 and 13 operate over the same 
horizontal range of f raquencies as that over which 
the main luminance/chrominance separation comb • 
filters operate. The output of the comparator 16 is 
' supplied to a selector 17 which also receh/es the 
20 outputs of the band-paeefi iters 1 4 and 1 5 and 
suppi ies one of these outputs to a further 
comparator 18 In dependence on the control signal . 
supplied by the comparator 16. A second input of 
the comparator 18 receives a threshold vaiuefrom 
25 an Input 19. The comparator 18 compares the level : 
of the selected signal passed by the selector 17 with >' 
the threshold value, and if the selected value is such - 
that a predetermined maximum permissible crose- ; 
talk levef Is exceeded, then a by-pass mode referred : 
30 to below is used In place of the vertical or tempoTel 
decoding for luminance/chrominance separetforu 
The output of the comparator 18 is supplied by 
way of a smoothing circuit 20 to a majority decode ; 
logic circutt 21, the output of which is connected to ai 
35 luminance/chrominance filte:r selector 22- As the 

circuU is operating digitally, sample by sample, it is • 
theoretically possible for the output of the further 
comparator 18 to switch the selector 22 sample by 
sample- However, such rapid switchirrg may be 
40 subjectively unocceptable in the resulting picture, s6 
the switching is smoothed in the horizontal directiori 
by the dements 20 and 21 which have the effect of : 
ensuring that switching does not occur more 
frequently than once every few samples, for 
45 example, once every five samples. 

The fiher selector 22 has inputs 23, 24 and 25 to : 
which the chrominance component Cy derived f rorni 
a vertical filter, the chrominance component Ct 
derived from a vertical/temporal field filter (312-rmef 
50 filter), and the luminance plus chrominance 

components respectively are supplied. The input 25 
is supplied For use in the by-pass mode, that is, 
when the comparator 18 indicates thattha 
permissible cross-talk level is exceeded, and v\^en 
55 this mode Is selected the filter selector 22 passes the 
luminance plus chrominance components 
unchanged from the input 25 to an output 26, and 
also supplies the luminance plus chrominance 
components after band-pass filtering to an output ] 
60 27. At other times, the filter selector 22 operates in ; 
dependence on the output Of the comparator 13:and 
selects the chrominance component Cv derived by 
the vertical filter, or the chrominance component C-^ 
derived by the verticalAemporal filter, for supply to> 
55 the output 27, in dependence on which id indicated i 



bythe comparator 18 as resulting in the lower cros.*!- 
talk. 

^ ' Figure 15 shows in block form a complete PAL 
decoder system Incorporating adaptive selection of 

7 0 the decoding. The I nput composite signal is 

orthogonally sampled digital form Is supplied by 
way of an Input 30 and a phase-locked oscillator and 
synchronizing code decoder 31 to a luminance/ 
chrominance array generator 32. The array 

75 generator 32 comprises four line stores and four 
field stores, and is oper^v^ to derive an array of 
samples dS indicated in Figure 8. The output of the 
array generator 32 is.ccnnected to an adaption filter 
and corttrol generator arrangement 33, to a first 

80 delay circuit 34, to a vertical and temporal filter bank 
arrangement 35/ and to a by-pass path comprising a 
second delay circuit 36. In terms of Rgure 14, the 
output of the first delay circuit 34 provides the 
luminance plus chronninance components for 

8 S supply to the output 27 ?n the by«pass mode, while 
the vertical and temporaJ fitter bank arrangement 35 
provides the signalefor the Inputs 23^and 24. and 
the second delay circuit 36 provides the signal for 
the output 26. The adaption filter and control 

90 generator arrangement 33 corresponds broadly to 
the elements lOto 21 rn the circurt of Figure 14. 

The first delay circuit 34 and the verdcal and 
temporal filter bank arrangement 35 supply outputs 
to a selection matrix 37, which also receives a 

95 control signal from the adaption filter and control 
generator arrangement 33, and supplies an output 
by way of a band-pass filter 38 to a colour 
demodulator 39. In the by-pass path the second 
delay circuit 3$ supplies an output to a subtracter 40 
1 00 wh ich also receh/es an input from the band-pass 
filter 38, and supplies'an output to a third delay 
4/ circuit 41. 

The operation of this part of the system will now 
be further descnbed. Depending on the content of. 

1 05 the input digital video signal, the output of the 

comparator 18 (Rgure 14) indicates whether vertical 
or vertical/temporal filtering gives the lower cross- 
talk and hence is preferred for the separation of the 
luminance and chrominance components, or 

110 ahematively whether the cross-talk exceeds the 
predetermined permissible level set bythe 
threshold level supplied to the input 19 (Figure 14), 
in which case the by-pass mode using horizontal 
filtering is to be used* In the former cases, the 

115 chrominance component Cv derived from a vertical 
filter in the vertfcsl and temporal filter bank 35 is 
. selected by the selection matrix 37 for supply by 
way of the band-pass filter 38 to the colour 
demodulator 39, orthe chrominance component Or 

1 20 derived from a vertical/temporal filter in the vertical 
and temporal filter bank 35 is set ected by the 
selection matrbc37 for supply by way of the band- 
pass filter 38 to the colour demodulator 39. in either 
event, the output of the band-pass filter 38 is also 

1 25 supplied to the subtracter 40, where the SBlectsd 

Chrominance comporientCv or Oris subtracted from 
the luminance plus chrominance components, so 
that the output of the subtracter 40 is the luminance 
component after effectively having been subjected 

1 30 to the complementary vertical or vertical/temporal 
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filtering. 

In the latter case, that is in the by-pass mode, the - 
selection rnatrix37 supplies the luminance plus 
chrominance components from the first delay 
5 ctrcuf t& 34 to the band-pass f i Iter 38, the 
characterietics of which are selected to effect 
horizontal filtering to select the chrominance 
componentforsupply to the colour demDduIator-39 : 
generally in standard PAL decoding. In this event : 

1 0 also^ the output Of the fodnd-pass filter 38 is also 

supplied to the subtracter 40, where the horizontally ' 
filtered chrominance' component is subtracted from : 
the luminance plus chrominance components, so 
thatthe output of the subtracter 40 is the luminance 

1 5 component effectively having been subjectecf to the i' 
com plementery horizontal fflxering. 

The use of complementary horizontal filtering, as 
described immediately above, in the by^pass mode, 
may have an adverse effect on the luminance 

20 resolution, dependent upon the width of the pass 
band of the band-^pass filterSS. An altemathfe 
meth od of using the adaptive control for by-pass 
selection is to disable the band-pass filter's output : 
^ into the subtractor40 by providing a disable circuit '■ 

25 &1 ■ Zeros are supplied by the disable circuit B1 to the ; 
input to the subtractor 40 when an adaption control : 
is supplied to an input 52, thereby effectively 
allowing the digital composite signal through the 
subtractor 40 unfiltered. A colour trap or notch filter 

30 53 is then inserted Into the by^-pasa path when an 

adaption control is supplied to an input B4^ The ' [ 
centre frequency of the notch filter 53 is situated at : 
the sub-carrier frequency^ so the notch fiher 53 
attenuates the major colour component, and 

35 therefore less severe restraints are imposed on the [ 
luminance resolution. This operation in effect is 
more nearly equivalent to standard PAL decoding 
using horizontal filtering. Moreove'r, it is also 
possible to select the notch ftltar 53 via adaption 

40 filler comparison in order to alleviate the sub-carrier !; 
residue evident when using vertically or verlically/ : 
temporally based comb filtering. 

The vem'cal and temporal filters used in the 
vertical and temporal filter banK 35 are preferably 

4B $etocted from those having characteristics as 

described above with reference to Figures 9 to 1 2. 
The adaption filters used in the adaption fiFters and ; 
control generator arrangement 33 preferably have 
characteristics as described above with reference to i 

50 Rgure 13. Other forms of vertical, vertical/temporal,' ; 
temporal and adaption filters may, however^ be 
used. The delays and Ta of the first and second 
delay circuits 34 and 36 are selected to equalize the 
signal delays in the respective paths. 

55 Thecolour demodulator 39 sup plies outputs to 
low-pass fifters 42 and 43, the outputs of which are ' 
connected to a sample reduction and multiplex 
arrangement 44, The output of the sample reduction;, 
and muitiplex arrangement 44 is supplied to a U/V 

60 chrominance componentarray generator 45, the 
output of which is connected by way of a selection 
matrix 46 to one input of a vertical and temporal 
filter bank arrangement 47, which as a second input : 
receives a second output from the U/V chrominance : 

65 component array generator 45 by way of a by-pass ] 



p3th-The output of the vertical and temporal filter 
bank arrangement 47 is connected by way of a filler 
selector 48 to a blanking and synchronization signal 
Insertion arrangement 49, which also receives an 

70 inputfroro the third delay circurt 41. and supplies a 
digital output comprising alternating luminance and 
chrominance samples to an output 50. 

The operation of this remaining part of the system 
will now be further described. Having achievmi the 

75 separation of the luminance and chrominance 
components, this part of the system operates to 
derive the base band U and V chrominance 
components. This is done by muttipiying the 
chrominance waveform by appropriately phased 

80 sub-carrier wavefomis. To do this it Is necessary 
digrtally to generate sub-carrier phase values and . 
consequently amplitude values, based on the line ■ 
lock sampling frequency of 13.5 IVIIHz. This can be 
done using sample and line counters which address 

85 programmable read only memories (PRO MS) which 
store specific values of sub-carrier phase according 
tothe sample to subKiarrier relationship. The sub^ 
carrier phase values heJd in the PRO Ms are 
repetitive on a line-by-line basis, so the line phase 

90 oflfsets can be derived by liie modulo addition of 
specific line phase values. It is also necessary to 
ensure synchronization with the dernodolated burst 
signals in the Inooming signal, these being used to . 
derive an error measurement with which to bring a 

95 looointo lock. Hairing achieved synchronism, the 
phase values are converted to required sine and 
cosine amplitude valued for supply to U and V 
chrominance component demodulation multipliers 
in the colour demodulator 39. The low-pass filters 42 
1 oa and 43 derive the U and V base band components 
from the resulting demodulation products. 

It iselso necessary to ensure thatthe 
chrominance component Is demodulated with the 
correct \f phase. This is done in known manner, for 
1 05 example uang the properties of Bruch blanking. 

It is also possible, although this is not an essential 
feature, that adaptive decoding is applied to the 
separation of the U and V chrominance components 
in addition to the adaptive decoding described 
1 1 0 above for separation of the luminance and 

chrominance components. This will now be further 
described. 

Rrstly, sample rate reduction is carried out for 
both the U and V channels. This is possible because 

115 the sampling rate of 1 35 MHz is greater than twice 
the Nyquist frequency for the chrominance 
ban dwidths. This sample rate reduction effectively 
makes the sampling rate 6.75 FVIHzfor each of the U 
and V chrominance components. This reduction is 

1 20 effected by the sample reduction and multiplex 
arrangement 44, which further multiplexes the 
resulting samples for supply tothe U/V 
chrominance component array generator 45, which 
comprises two line Stores and two field stores, 

125 The adaptive decoding process is similar in form 
and operation to that described above for the 
luminance and chrominance separation, but is 
substantially simpler. Thus the UA/ chrominance 
component array generator 45 need only derive five 

1 3D of the samples shown In the array of Figure 8, these 
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being the samples E, K to M and R shown In Figure 
16 and correspondfng to three fields of the video 
signal. 

In order to dod'de on the mode cf chrominance 
5 separation to be selected, the crosS'-talk again has to • € 5 
be detected, and this is done by means of further 
adaption filters, which may be generally ae 
described above for the luminance/chrominance 
separation, (n the same manner as described^ the 

10 adaption fifters can be used to determine whether 70 
vertical, vertlcaiAemporat temporal or horizontal 
Altering 7s preferred for separation of the u and V 
chrominance components. 
The vertical and temporal filter bank arrangement 

15 47 isgeneraltysimflarin operation to the vertical ; 75 
and temporal filter bank arrangement 35, but can be 
substantially simpler in particular because the 
separation of the U and V chrominance components : 
is less critical than the separation of the luminance 

20 and chrominance components, ■ 80 

Figure 17 ahoNvs the vertical/temporal 
characteristic of e field based temporal filter for IW ; 
chrominance 96parat30n, based on sample points in 
the array of Figure 1 6 and using E/4+U24>M/4. 

25 Figure 1S shows the vertica [/temporal characteristic ' 85 
of a line based vertical filter for U/V ch rominance 
separation, using- iC/4+Ly24' A/1/4. In each case the 
broken-ended rectangles Indicate the fiKer pass- 
band. 

30 The delay Tc of thethird delay circuit 41 90 
compensates for the delay to the U and V 
chrominance components, so that finaity the filtered < 
multijilexed U and V components and the [ 
, luminance component are supplied to the blanking 

35 and synchronization signaUnsertlon arrangement ; 95 
49 where the blanking and synchronizing 
information Is dtgitairy added and the components 
are further multiplexed so that thesamples are 
supplied In the sequence Y, Cb» Y, Cr . . . to the 

40 output 50 at a frequency of 27 iVlHz. il OO 

CLAIMS 

1. A method of decoding an orthogonally 
sampled, composite digital PAL video signal, the* 
method comprising the steps of: ;1 05 

45 measuring the cross-talk i:>etween luminance and 
chrominance components In said video signal 
resulting from movement in the picture represented ; 
by said video signal; and 

switching between vertical filtering, temporal 110 
50 filtering, vertical/temporal filtering and horizontal 
filtering for separation of the chrominance 
component of said video signal from the luminance ; 
component of said video signal in dependence on 
the result of said measurement; so as to reduce 1 1 5 

55 cross. effects resulting from said cross-talk. 

2. A.method according to dairn 1 wherein said 
measurement is performed sample by sample of 

. said videdo signal. 

3. A method according to claim 2 wherein said ,1 20 
60 switching is smoothed by averaging the* results of '< 



said measurement over a plurality of said samples 
of satd video signal. 

4, A method according to claim 1 , claim 2 or claim 
3 comprising the further steps of; 

further measuring the cross-talk between 
demodulated U and V chrominance components 
derived from said separated chrominance 
component and resulting from movement in the 
picture represented by said video signal; and 
switching between vertical filtering, temporal 
filtering and horizoritai filtering, for separation of 
said U and V chrominance components In 
dependence on the resuft of said further 
measurement^ so as to reduce cross effects 
resulting from sard chrominance cross-tatk. 

5. Apparatus for deooding orthogonally sampled, 
composite digital PAL video signals, the apparatus 
comprising: 

means for measuring the cross-talk between 
luminance and chrominance components of said 
video signat resulting from movement in the picture 
represented by said video signal; and 
means for switching between vem'cal filtering, 
temporal filtering, vertical/tempkoral filtering snd 
hori^itontal filtering for separation of the 
chrominance component of said video signal from 
the luminance component of said video signal in 
dependence on the result of said measurement, so 
as to reduce the cross effects resulting from said 
cross-talk. 

a Apparatus according to claim 5 wherein said 
meansfor measuring the cross-talk comprises a line 
filter and a field filter to each of which said video 
signal is supplied, and a com|>aratorfbr comparing 
the energy outputs of said line and field filtorfr. 

7. Apparatus according to claim 6 wherein said 
line filter differences the samples In corresponding 
positions in th^ lines preceding and succeeding a 
.given line in a field of said video signal. 

8. Apparatus according to claim 6 or claim 7 
wherein said field filter differences adjacent 
diagonally disposed samples In adjacent lines in the 
field preceding or following a given field of said 
video signal. 

9. Apparatus according to any one of claims 5 to 8 
further comprising : 

3 demodulator for deriving demodulated U and V 
chrominance components from said separated 
chrominance component; 

means for further measuring the cross-talk between 
said demodulated U and V chrominance 
components and resulting -from movement in the 
picture represented by said video signal; and 
means for switching between vertical filtering, 
temporal filtering and horizontal filtering for 
separation of said U and V cH rominance 
components in dependence on the result of said 
further measurement, so as to reduce cross effects 
resulting from said chrominance cross-talk 

10. A method of decoding an orthogonally 
sampled digital PAL video signal, the method being 
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substantially as hereinbefore described with 
refsrence to the accompanying drawings. 
11. Apparatus for decodjng an orthogonally 



sampled digital PAL video Signal, the apparatus 
5 being substantially as hereinbefore described with 
reference to the accompanying drawings. 
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